Abstract. In Indonesia, many main roads have been constructed on problematic soil. The chemical improvement is widely used to shallow soil modification and stabilization. This paper introduces the use of a SiCC column to strengthen the load-bearing capacity of the expansive soil. In the road pavement design, California Bearing Ratio (CBR) is a most useful parameter to define the pavement layers. Hence, this paper is aimed to investigate the effect of SiCC column on the CBR of compacted expansive soil. Two groups of specimens were prepared for CBR test under soaked condition. A set of specimens are prepared on the wet side (Specimen A), and a set of specimens are compacted on the dry side of optimum moisture content (Specimen B). The objective of this research is to determine the effect of moisture content and dry density on the CBR value. The experiment results show that the SiCC column significantly increases the CBR of expansive soil on both dry and wet side of optimum moisture content. The specimen compacted on the dry side exhibit a higher CBR than the specimen compacted on the wet side of optimum moisture content.
Introduction
In Indonesia, many roads have been constructed on expansive soil such as the SurabayaBojonegoro, Caruban -Ngawi, and Indramayu -Pamanukan roads [1, 2] . Those roads used the rigid pavement and modified rigid pavement supported with mini piles named as "Cakar Ayam Modikasi "(CAM). The use of rigid pavement system fulfils the technical aspect of the highway. However, the construction cost was very expensive, about Rp 4-5 billion/km compared to Rp. 1-1.8 billion/km for flexible pavement systems [3] .
The chemical improvement method in expansive soil by using lime has been widely applied. Generally, lime is mixed into expansive subgrade, and compacted at a particular water content [4, 5] . Other techniques are a lime-column method such as those applied by Muntohar [6] , Budi [7] , Muntohar and Liao [8] , and Tonoz et al. [9] . However, the lime column technique is directed to deep soil improvement which has a diameter of 1.2 m and a depth of up to 20 m [10, 11] . In addition, this column technique can also be used as a
The chemical improvement method in expansive soil by using lime has been widely applied. Generally, lime is mixed into expansive subgrade, and compacted at a particular water content [4, 5] . Other techniques are a lime-column method such as those applied by Muntohar [6] , Budi [7] , Muntohar and Liao [8] , and Tonoz et al. [9] . However, the lime column technique is directed to deep soil improvement which has a diameter of 1.2 m and a depth of up to 20 m [10, 11] . In addition, this column technique can also be used as a foundation for building structures [12] . However, the application of this column technique is still needed to be studied for pavement structures [13, 14] .
Muntohar and Saputro [15] used SiCC column made of microsilica and microcalsium to improve the unconfined compressive strength of expansive clay. Furthermore, Muntohar [13] analyzed the SiCC columns numerically to support the flexible pavement system. The numerical simulation concluded that the column installation to support flexible pavement reduced the heaving and differential settlement of the pavement effectively. Based on the previous research, this paper presents the result of performing a California Bearing Ratio (CBR) test on SiCC column-supported expansive soil. The research was aimed at investigating the CBR value of expansive soil supported with SiCC column, and to investigate the effect of water content and dry density on the CBR value.
Experiment method
The primary laboratory test in this study was California Bearing Ratio. The test was adopted from ASTM D1883 for soaked CBR test. In this study, two sets of specimens were prepared. The first set of specimens (assigned as Specimen A) was prepared at the wet side (the moisture is higher than the OMC), and the second one (assigned as Specimen B) was prepared at the dry side (the moisture is lower than the OMC). Each set of specimens consisted of five specimens which were compacted at various moisture.
Soils
The soil used in this test was taken from Bangunjiwo Village, Kasihan District, Bantul Regency, Yogyakarta. Table 1 presents the engineering properties of the soil. The soil was classified as clay with high plasticity. The degree of the expansiveness of the soil has been investigated by Muntohar [13] as shown in Figure 1 . 
Specimen preparation
A dry amount of 3-4 kg was mixed with water thoroughly to produce soil slurry. The slurry then was compacted in a CBR cylinder. The compaction energy was generated from the standard hammer of 2.5 kg weight. At the centre of the cylinder was installed a 2-inch PVC pipe ( Fig. 2a and 2b) as the platform of SiCC column. The SiCC paste was poured and mixed into the preformed holes to form a column as shown in Fig. 2c . After the paste was hardened for about an hour (Fig. 2d) , the specimen was covered with a sealed plastic bag and cured for a day at room temperature about 28 o C for the subsequent soaking test. 
Testing procedures
Soaked-CBR tests were performed in the laboratory for all specimens. Before the penetration test, the specimen was immersed for four days to determine the swelling of the soil (Fig. 3) . Before soaking, the dimension and weight of specimen were measured. The surcharge plate was placed on the specimen surface. The surcharge corresponds to the weight of the pavement layer. At least two pieces of seating plates (the sum of 2 x 5 lbs = 10 lbs) were applied. The swelling during immersion was regularly recorded with elapsed time for four days. After four days of soaking, the specimen was prepared on the CBR machine for a penetration test. The California Bearing Ratio (CBR) is defined as determined in ASTM D1883-07 [16] . 
Results and discussion

Effect of moisture and dry density on the CBR
In this study, the obtained CBR is the value of a compound between the SiCC column and the soil (composites system). The relationship between the CBR and the dry density, as well as the CBR and the moisture content, are shown as in Fig. 4a and 4b . The composite soilcolumn system has a range of CBR values between 3.5% to 14.5%. These results are higher than the CBR of the untreated soil (see Table 1 ). The presence of the SiCC column increased the stiffness of soil. Thus, the soil has a higher resistance due to the load penetration. This result has been confirmed by previous research [12, 15, 17] . Furthermore, during the immersion, it was possible that the calcium (Ca 2+ ), and silica (Si 2-) ion from the SiCC paste migrate to the soil surrounding the column. This phenomenon then results in a pozzolanic reaction between the clay particles and the migrating ions. Finally, the reaction increased the soil strength in radial and vertical direction surrounding the column [7, 8, 9, 17] .
In Fig. 4a , the soil CBR value increases with the increase of soil density. The specimen A has a lower density than the specimen B, resulting in a lower CBR value than the specimen B. It has been known that the dry density is defined as the ratio between the dry mass of soil and soil volume. The dry density indicates a compact soil structure. A higher dry density implies a reduction in void ratio and increases the soil particle's interaction. This characteristic leads to increase bearing capacity [18] . The relationship between CBR and moisture content has characteristics such as the compaction curve, where the maximum CBR value is achieved at a certain moisture value as shown in Fig. 4b and Fig. 5 . In the composite soil-column, compacted column at the wet side (specimen A) yields a lower CBR value than the composite soil-column compacted dry side (specimen B). Moisture plays an essential role in controlling the particles' arrangement under the compactive effort. For a given compactive effort and dry density, the soil tends to be more flocculated for compaction on the dry side as compared to compaction on the wet side. At the wet side, the soil is more dispersive. The interparticle repulsions tend to increase with the increasing of moisture content, and resulting in a more orderly fabrics arrangement of the soil particles under a compactive effort. Theoretically, the flocculated fabrics arrangement has a higher soil strength than the dispersive. Cokca et al. [19] explained that the compacted clay behaves like a granular soil on the dry side of optimum water content thereby permitting the increase of the shear resistance. 
Design CBR chart of SiCC column-improved subgrade for road pavement design
In past several decades, CBR is a most useful parameter to determine the thickness of pavement layers for road pavement design. This section presents the discussion on a new design CBR chart for subgrade requirement. The CBR relationship as illustrated in Fig. 4a and 4b shows a unique characteristic. Both groups of test specimens can produce the same CBR value despite having different water content. Thus, the relationship of the three parameters of CBR, the moisture content and the weight of the dry density can be shown in In the relationship, the CBR value tends to increase with increasing dry density and decreasing soil moisture content. The chart in Fig. 5 can be used to design the soil compaction work supported by SiCC columns, for example, to obtain a CBR = 6%, the subgrade can be compacted on the moisture conditions at points A, B, or C. 
Conclusion
The series of laboratory experiments have been successfully performed to investigate the effect of SiCC column on the CBR of expansive soil under soaking condition. The results and discussion showed that addition of SiCC column significantly increases the CBR. In general, the CBR value tends to increase with increasing the dry density and decreasing of soil moisture content. The CBR increase to about 14% on the dry side and 12% on the wet side of optimum moisture content. In addition, the research concludes that the compacted soil with SiCC column tends to have higher CBR if they are compacted on the dry side of optimum moisture content, thereby, permitting a higher dry density. Further research can be developed to seeking a comprehensive design CBR for road pavement. 
